Abstract. For several decades, multi-criteria decision-making (MCDM) methods have been in use to address issues particular to design, organisation and management of constructions. This article reviews the history of MCDM methods since their origins to current times. The academic database Thomson Reuters
Introduction
The design and implementation of an effective life-cycle process of a building require focusing on rationality throughout the entire development since the definition of needs and goals to the very end-of-life stage of the building. There is a number of stakeholder groups concerned with stages of the life-cycle of a building: customers, designers, contractors, producers and suppliers of materials and products, users, managers, selfgovernance institutions, building maintenance and repair organisations, etc. It is already during the design of a building that decision-making must consider the needs and goals of these groups. The life-cycle process of a building must be designed and implemented in view of its stages, possibilities and goals of stakeholder groups, all of which impact on the effectiveness of the life-cycle process of a building, as well as considering the external environment. A variety of factors impacting on the effectiveness of the life-cycle process of a building leads to a relevant question: how to assess decisions of the process from several aspects (Zavadskas et al. 2001)? Aiming to achieve strategic, economic, social, technical, qualitative or other aims, it is necessary to draw on quantitative and qualitative assessment criteria that describe possibilities and goals particular to stakeholder groups of the life-cycle process of a building, alternative solutions and the existing situation of the external environment. Multiple-criteria analysis methods, which can also be successfully introduced into decision support systems, have to be used to define, reason and achieve these aims (Zavadskas et al. 1998 (Zavadskas et al. , 1995 Filip et al. 2014 ).
The development of MCDM methods
Multiple-criteria decision making (MCDM) has grown as a part of operations research, concerned with designing mathematical and computational tools for supporting the subjective evaluation of performance criteria by decision makers (Mardani et al. 2015) .
MCDM methods cover a wide range of somewhat distinct approaches. MCDM methods can be broadly classified into two categories: discrete MCDM or discrete MADM (Multi-Attribute Decision Making) and continuous MODM (Multi-Objective Decision Making) methods (Fig. 1) (Zavadskas, Turskis 2011) .
MCDM methods were originally created by Franklin (1772) , Condorcet (1785) , Borda (1785) , Cantor (1874), Edgeworth (1881) , and Pareto (1896 Pareto ( -1897 Pareto ( , 1906 Pareto ( , 1971 . Since 1992, the International Society of Multiple-Criteria Decision Making has been giving out Georg Cantor awards and Edgeworth-Pareto awards.
First axioms essential for the selection of the most valuable alternatives were formulated by Ramsey (1931) . In 1944, John von Neumann and Oskar Morgenstern continued Ramsey's work and prepared their monumental masterpiece entitled Theory Games and Economic Behavior (1944) . For the contributions to the development of game theory, Nash (1950a Nash ( , 1950b received the Nobel Prize in 1994. Next, the Theory of Valuef was developed by Gerard Debreu (1959) who was also awarded the Nobel Prize. Yet another Nobel Prize laureate (1970) Samuelson (1938) announced a very important piece of work. Edwards (1954) published the theory of decision making. The piece of work of Simon (1955 ), Nobel Prize laureate (1978 , played a special role in the most up-to-date MCDM theory. An important role in the development of MCDM was played by efforts of Arrow (1951) and Sen (1970) . The authors also became laureates of the Nobel Prize. Luce and Raiffa (1957) introduced the newest decision theory. Frisch (1961) received the Nobel Prize for a relatively little-known publication. A great input into the MCDM theory was made by Fishburn (1964 Fishburn ( , 1970 who publicised two books on issues of the value theory. A significant contribution to the development of the MCDM theory was also made by Roy (1968) . Multiple Objective Mathematical programming techniques were created by Dantzig (1948) and Kantorovich (1939) , who were also awarded the Nobel Prize. Koopmans (1951) Gass and Saaty (1955) , Zeleny (1974) , Charnes et al. (1978) . Zadeh (1965) announced the Fuzzy Sets Theory. This year was the 50th anniversary since the introduction of this theory. To commemorate this date, the journal Technological and Economic Development of Economy, which is jointly published by VGTU and Taylor and Francis, released a special anniversary issue. The introductory article was authored by one of the most renowned scholars of MCDM Herrera-Viedma (2015) . Other articles were authored by VGTU researchers Turskis, Antuchevičienė, Banaitis and Banaitienė with co-authors (Razavi Hajiagha et al. 2015; Khandekar et al. 2015; Pourahmad et al. 2015) . To commemorate this anniversary, the journal International Journal of Computers Communications & Control released a thematic issue as well. This special issue had the introduction written by world-renowned scientist Ronald R. Yager (2015) . It also contained an article authored by VGTU researchers .
MCDM name was first used in an article by Zeleny (1975) . Later, this new notion was explained by Zionts (1979) .
Especially important results of the MCDM topic were announced in books by Keeney, Raiffa (1976) , Zeleny (1982) and Saaty (1980) . Hwang et al. (1979) reviewed MODM methods, and Hwang and Yoon (1981) overviewed MADM methods (SAW, TOPSIS, ELECTRE, LINMAP and the permutation method).
Since 1980, MCDM methods were rapidly developed in various areas. In 1986, Peldschus defended a post-doctoral dissertation on the use of gaming theory to address construction problems.
In 1987, at Moscow Institute of Civil Engineering, Zavadskas defended a post-doctoral dissertation, in which MADM methods were used to deal with Civil Engineering problems (Zavadskas, 1987a) . Later, 35 doctoral dissertations were defended under his leadership, all of which focused on the used MCDM methods.
MCDM methods were overviewed in books by Hwang, Lin (1987) , Roy (1996) , Saaty (1996) , Belton, Stewart (2002) Doumpos and Grigoroudis (2013) , Ishizaka and Nemery (2013) . Zavadskas (1987b Zavadskas ( , 1991 Zavadskas ( , 2000 authored books, in which MCDM methods were used to address construction problems. VGTU researchers announced a number of books dedicated to the use of MCDM methods in Civil Engineering: Zavadskas et al. (1994a Zavadskas et al. ( , 1995 Zavadskas et al. ( , 1998 Zavadskas et al. ( , 2001 Zavadskas et al. ( , 2004a , Peldschus, Zavadskas (1997) , Kaklauskas, Zavadskas (2002 and Zavadskas, Kaklauskas (2007) .
The use of MCDM methods is discussed in monographs by Kapliński (1997) , Kapliński (Ed.) (2007), Chen and Li (2006) , Koo et al. (2009) .
The evolution of MCDM in 1975-2015 was discussed in a number of review articles: Wiecek et al. (2008) , Zavadskas et al. (2008 Zavadskas et al. ( , 2014 , Kapliński (2009a Kapliński ( , 2009b , Zavadskas, Turskis (2011 ), Liou, Tzeng (2012 , Tamošaitienė, Kapliński (2013), Liou (2013) , Gay, Sinha (2013) , Kaplinski et al. (2014a Kaplinski et al. ( , 2014b , Kabir et al. (2013) , Masri (2014) , Mardani et al. (2015a Mardani et al. ( , 2015b Mardani et al. ( , 2015c .
Up to 1991, no articles containing examples of the use of MCDM methods in Civil Engineering were referred in ISI Web of Science database. First articles addressing the use of MCDM methods in Civil Engineering were authored by Duckstein et al. (1991) , Shafike et al. (1992) , Sobanjo et al. (1994) , Bose, Chakrabarti (2003) . First Lithuanian authors to publish papers in Isi Web of Science data base on this topic were Zavadskas et al. (2003 Zavadskas et al. ( , 2004b .
The development of MCDM methods and their application in Civil Engineering was discussed in many articles (Kapliński 2008a (Kapliński , 2008b Zavadskas et al. 2008; Kapliński, Tamošaitienė 2010; Kaplinski, Tupenaite 2011; Tamošaitienė, Kapliński 2013; Kaplinski et al. 2014a Kaplinski et al. , 2014b Jato-Espino et al. 2014; Antucheviciene et al. 2015; Kaplinski, Tamošaitienė 2015) .
Since 1986, Leipzig Higher Technical School, Poznan University of Technology and Vilnius Civil Engineering Institute (later renamed into Vilnius Technical University and Vilnius Gediminas Technical University) commenced with biannual colloquiums, which addressed issues related to the development and application of MCDM methods in Civil Engineering (Fiedler et al. 1986; Peldschus 1995; Kapliński et al. 2004; Kaklauskas et al. 2005; Peldschus et al. 2006; Zavadskas 2008; Tamosaitiene et al. 2010; Kapliński 2010; Peldschus 2013 
Research methodology
In this paper, the literature related to MCDM has been reviewed comprehensively on the basis of papers referred in Thomson Reuters Web of Science academic database. Following a methodological analysis (Fig. 2) on the entire body of collected publications, a number 
Number of publications by year
Web of Science Core Collection contains 2463 referred publications (Figs 3, 4) on the topic of MCDM (3 November 2015) , covering all document types, including articles (1749) (Fig. 4) The publications that are dedicated to Civil Engineering with applied MCDM methods are taking the tenth place and amounting to 5.6% of the total number of publications dedicated to MCDM (i.e., 113 articles) (Fig. 3) . 250 1975 1980 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 As depicted in Figure 5 , the extent of research in the area has been rapidly increasing during the last ten years. Numbers of publications on MCDM increased from one-to-two papers per year up to 22 journal articles in 2014. As much as 61 per cent of articles on the topic were published during the last five years (2011) (2012) (2013) (2014) (2015) . Articles published in the last three years (2013) (2014) (2015) , comprise a share of 42 per cent.
Number of publications: by country, author, journal and MCDM methods
Further, the analysis focused on the use of MCDM by country. Articles were announced by researchers representing thirty countries of the world. Information on the distribution of MCDM papers by country is given in Figure 6 , which shows that Lithuanian authors announced 22 articles. This number amounts to about 20% of the total number of articles, which places Lithuania in the second place following the USA.
Authors listed in Table 2 published their articles on the topic of the MCDM use in Civil Engineering. The table demonstrates that Lithuanian authors are leaders of this particular topic. The top ten has four Lithuanian authors. Articles were announced by 100 authors, and 15 (15%) of them were Lithuanians. Table 3 provides information on journals in ISI Web of Science database, which issued publications on the use of MCDM methods in Civil Engineering. In total, articles were announced in 44 journals. The majority of publications -18 -were announced in Springer Publishing journal Water Resources Management. Table 4 provides MCDM methods, their authors and numbers of publications, in which the methods were used. The table demonstrates that MADM methods AHP, SAW, TOPSIS, Permutation method, the Publications applying MCDM in Civil Engineering (138) are in the tenth place. Nevertheless, 61% of the publications were announced in 2011-2015. Most publications (26) were announced by researchers of the USA. The second place is occupied by Lithuanian researchers with 22 publications.
The top ten of researchers with most articles on the MCDM topic involve five authors from VGTU.
The majority of publications (18) About 18% of all published articles used MCDM methods authored by VGTU researchers, namely, CO-PRAS, WASPAS, ARAS and SWARA.
